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(57) A strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration consists of 
electrolyzed salt water, wherein the pH of the liquid is 3 
or less and the concentration of the hypochlorous add 
is 0.2 ppm to 2 ppm. . 
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Description 
TECHNICAL FIELD] 

' wh l^u *u ^ *° ^""^ containing hypochlorous acid at a low concentration 

taSn h ''^T ^""^ ^ ""^^"^ ^"^ ^" ^PP^'^*"^ generating strong acid sterilizing liquid con- 

^ ^ concentration, and an apparatus for generating and dispensing strong acW sterilizing 
liquid containing hypochlorous acid at a low concentration. « a uoieiii^ing 

10 [BACKGROUND ART] 

"^f bactericidal activity of aqueous solution of hypochlorous acid varies with the pH of the solution because the 
state of chlonne compound dissolved in the aqueous solution varies with pH. 

-iil^Sfr T ^1?* °* *^yP°'='^'°^°"s acid is 8 or more, or the aqueous solution of hypochlorous acid 

fon ^ • S^^""""! ■ ^ '^^^'"3 '^'^'y ''^ctericidal activity are mainly present in the aqueous solu- 

tion. TTius. the bactericidal activity of the all<aline aqueous solution of hypochlorous acid is fairiy low 
ie oJrr ^''"^Of solution of hypochlorous acid is 7 or less, or the aqueous solution of hypochlorous acid 

IS acid, the amount of hypochlorous acid (HCIO) having bactericidal activity 10to 1 00 times as large as that of hypochlo- 

L^h?t on ."T^ '^If^^'' °* hypochlorous acid ions. Thus, the bactericidal activity of the acid aqueous 

solution of hypochlorous acid is high. omuwuo 

Hi.. •^''1^" °^ hypochlorous acid is 5.5 or less, substantially 100 % of the chlorine compound 

AssoKj-ed in the aqueous solution is hypochlorous acid. Thus, the bactericidal activity of the aqueous solution of 
hypochlorous acid becomes even higher <» wuuun wi 

When the pH of aqueous solution of hypochlorous acid is 3 or less, a part of the chlorine compound dissolved in 
the aqueous solutoon becomes chlorine gas (Cy having higher bactericidal activity than that of hypochlorous add 
I nus the bactenadal activity of the aqueous solution of hypochlorous acid becomes even higher 
, Acid stenhzing liquid containing hypochlorous acid can instantly kill bacteria such as Escherichia coli MRSA Sta- 
phylococcus aureus, etc. Acid sterilizing liquid containing hypochlorous add can cure inflamed parts of the human'bodv 
suffering frorn atopy dermatitis, body parts suffering from necrosis owing to diabetes, and bedsores of a bedridden old 
pereon. It is thought that acid sterilizing liquid containing hypochlorous acid kills MRSA present on such diseased parts 

• in this way suppressing itch and suppuration of the parts and thereby curing them. ' 
The skin is damaged by application of acid sterilizing liquid containing hypochlorous acid at a high concentration 

hv^w '® ^ "f ®" apparatus for generating and dispensing strong acid sterilizing liquid which contains 
hypochlorous acid at a concentration of about 2 ppm. the concentration prescribed by Japanese City Water Oraaniza- 
tion in Its water purifier examination manual, whose pH is 3 or less, and which is suitable for use on the human body. 

H r generating type apparatus having a barrier type electrolytic cell has been developed for generating 

^SJLT'I °°"2'"'"9 hypochlorous add. In this apparatus, salt water is passed through a channel formed between a 
positve electrode plate and a negative electrode plate disposed to face opposite surfaces of a barrier membrane, and 
DC voltage is applied between the electrodes to electrolyze the salt water. 

At the positive electrode, hydroxide ions (OH • ) contained in the salt water give electrons to the positive electrode 
to become oxygen gas and are eliminated from the water. Thus, the concentration of hydrogen ions (H * ) in the water 
i^"^ J "^o^gh the space between the barrier membrane and the positive electrode increases to make the water add 
H^Jl positive electrode, chlorine Ions (CI • ) contained in the salt water give electrons to the positive electrode to 
oecome chlonne gas (CI2). The chlorine gas dissolves in the acid water to become hypochlorous add 

J^**''®"^9ative electrode, hydrogen ions ( H ^ contained in the saK water are given electrons from the negative 

* f hydrogen gas and are eliminated from the water. Also at the negative electrode, sodium ions (Na 
J,!^i ^"^!^ '°? " ^ contained in the salt water are bonded together to become sodium hydroxide. Thus, the 
waterflowing through the space between the banier membrane and the negative electrode becomes alkaline 

-me bamer membrane prevents the mixing of the products at the positive electrode and the products at the nega- 
tive electrode^ Acid liquid containing hypodilorous acid can be obtained by taking the water flowing through the space 
between the barner membrane and the positive electrode out of the electrolytic cell. 

The conventional continuously generating type apparatus for generating add liquid containing hypochlorous acid 
naving a barner type electrolytic cell has a number of problems such as ttie following. 

<p The conventional continuously generating type apparatus having a barrier type electrolytic cell cannot generate 
strong acid stenhzing liquid which contains hypochlorous acid at a concentration of about 2 ppm, whose pH is 3 or 
less, and which is suitable for use on the human body. The abbreviation " ppm " used here means concentration by 
weight converted into chlorine atoms and means " CI mg/liter ". 

The inventors of the present invention studied why the conventional continuously generating type apparatus 
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having a barrier type electrolytic cell cannot generate strong acid sterilizing liquid which contains hypochlorous acid 
at a concentration of about 2 ppm. whose pH is 3 or less, and which is suitable lor use on the human body. Their 
conclusion was as follows. 

\When the pH of the electrolyzed water must be decreased, the electric current applied across the electrodes 
must be increased to increase the quantity of the electrolyzed salt water, thereby increasing ttie concentration of 
hydrogen ions in the electrolyzed water. Electrons are transferred between hydroxide ions, hydrogen ions and the 
elecJodes at the surfaces of the electrodes. When the electric current is increased, the supply of hydroxide ions 
and hydrogen ions to the surfaces of the electrodes becomes insuffidenl. which suppresses the increase in the 

*'^*Wien me wltage applied across the electrodes is increased to increase the supply of the hydroxide ions and 
hydrogen ions to the surfaces of the electrodes, overvoltage at the positive electrodeincreases and the generation 
of chlorine gas is promoted. Thus, the layer of the water flow near the positive electrode becomes strong aod liquid 
containing hypochlorous add at a high concentration. ^^-.^^ 

One countermeasure for overcoming the problem of the shortsupply of the hydroxide ions and hydrogen ions 
to the surfaces of the electrodes is to narrow the distance between the electrodes, thereby increasing the speed of 
the flow of the salt water through the channel between the electrodes. However, narrowing the distance between 
the electrodes is difficult because of the presence of the barrier membrane between the electrodes. 

As can be seen from the foregoing explanation, a conventional continuously generating type apparatus having 
a barrier type electrolytic cell cannot generate strong add sterilizing liquid which contains hypochlorous acd at a 
concentration of about 2 ppm. whose pH is 3 or less, and which is suitable for use on the humanb^y _ 

Strong acid sterilizing liquid which is generated only by the electrolysis of salt water, which contains hypocWo- 
rous add at a concentration of about 2 ppm. whose pH is 3 or less, and which is suitable for use on the human body 
has not been put to practical us. as described above, the conventional continuously generatng type apparatus hav- 
ing a barrier type electrolytic cell cannot generate strong add sterilizing liquid which corrtains hypochlorous acid at 
a concentration of about 2 ppm. whose pH is 3 or less, and which is suitable for use on the human body. Accoixling 
to a recent report, moreover, electrolyzed salt water which is added with nothing other than water, which conteirs 
hypochlorous acid at a concentration of about 2 ppm. and whidn is strong add has hardly any bactericidal actiyrty. 
-mis conclusion Is based on tests using strong add liquid containing hypochlorous aad at a low <»nce"traton 
which is obtained by adding sterilized distilled water to strong add liquid ~'^a'"'"9 
concentration generated by electrolysis of saH water, thereby diluting the syong acid liquid (Pli^^-^^^'^jy 
Clinical Medicine 1993WOL.3nM0.9/SEP. page 71 table 1). The inventors of the present invention ttiink that the 
reported lack of bacteriddal activity arises because the hypochlorous acid was broken down into chlorine gas wher^ 
the aqueous solution was diluted and the chlorine gas left the aqueous solution, thus reducing the bactericidal 

activity of the aqueous solution. »u- „i„^,^~. 

(2) A barrier type electrolytic cell is large because of the presence of the barrier membrane between the ele<*odes. 
fl^us. the conventional continuously generating type apparatus for generating «f "^"'^/^'^l"^^ 
acid having a barrier type electrolytic cell is large and not portable. Conventonally. ttierefore acid '^"f ^on^ "'"9 
hypochlorojs acid generated in a continuously generating type apparatus having a barrier type electrolyte eel! has 
K^^Btored in a t^k and poured from the tank into a small vessel or sprayer for use. HypocWorous acid is easily 
broken down by ultraviolet and the chlorine component evaporates with the lapse of time. Thus, the bactericidal 
' activity of the acid liquid containing hypochlorous acid decreased while it is stored in the tank. , 
® Jammation oJng to atopy dermatWs often appears at a hidden part of the body. Therefore. " « Pjetere^e to 
^vide an apparatus for generating and dispensing add liquid containing hypochlorous acid ^e "sed in 

a bathroom. In a conventional continuously generating type apparatus having a barner type electrolytic c^n. the 
space between the electrodes is wide, about 4 mm or greater, owing to the presence of the barrier membrane 
between the electrodes, the electric resistance of the salt water present between the e ectrodes ^^'Be.^^^ 
large amount of electric power is needed to electrolyze the salt water. Thus, a conventional Q^^J^J"? 
type apparatus having a terrier type electrolytic cell has to be driven by domestc AC line current Howeve^ AC line 
SneSis not ordinar Jy available in a bathroom. Thus, an apparatus for generatng and dispensing a«cl hqu'd c^^^ 
taining hypochlorous acid based on a conventional continuously generatng type apparatus for generating acid liq- 
uid containing hypochlorous acid having a barrier type electrolytic cell cannot be used in a bathroom. 

[DISCLOSURE OF INVENTION! 

Through an extensive study, the inventors discovered that strong acid liquid which contains hyPochloroi« acid ata 
concentraL of about 2 ppm. whose pH is 3 or less, and which is suitable for use on "^^^J^J^^J^^ 
by electrolyzing salt water using a oontnuously generating type apparatos having a non-bamer type electrotytic ceU. 
and further ascertained that the obtained strong add liquid has strong bacteriadal actvity. 

The present invention was made based on this discovery. Therefore, an object of the present inventon .s to provde 
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Another object of the present invention is to provide a small sized portable type aooaratus for a^n^Hnn o„h mi. 
pensmg strong acid sterilizing liquid containing hypochlorous acid at a low concenStion SerJ^^^^^^^^^ 
forl?.™fi'„"^ H bactericidal activity. ArKrther object of the present inven^on fe to irov^Je an 

Z i.^"? "'^^^"^"9 «fro"9 acid sterilizing liquid containing hypochlorous acid at a lorincenfratiSTt^S 

^Jl^ P'^^^"* P™^'d«l strong acid sterilizing liquid contairtng hShlorous 

In the sterilizing liquid of the present invention whose pH is 3 or less, chlorine comoound exists in tho 

In accordance with another aspect of the present invenfion. there is provided a method for aeneratino <>trono 
them, constptuting at least a part of one of the pair of wall surfaces of a positive electrode 

of which IS consttuted of the negative electrode plate away from the downstream S^Sl^aL^ hrom^^^^ «rt 
let port formed inthe wall surface a part of which is constituted of the negative elSSL plSe ^ ^ 

35 ^crl?riTnlT^t°l 9®"«^^*'"9 Strong acid sterilizing liquid containing hypochlorous acid at a low concentration in 

water can be obtained with suppressing the increase of the voltage applied across the electrodes sndihZZ^^T 
W a temina, low. Thus, the laye, ot «,a aronj add watar .tow ato^ .ha waiS« a Si 

Snnn^hT !. ^1 ^"'^''^ ^ '^'^ °^ "^^^ Constituted by the positive electrode plate, or the layrofthe watS 
along the wall surface a part of which is constituted by the negative electrode plate is taken awav fr^I, tho h^!S 

^^toS!" sterilizing liquid containing hypochlorous acid at a low concentrSS [/obtainS 

mm or Ss " "^^^'"^ embodiment of the present invention, the distance between the vSTll surest 0.5 

trodeTb^rm'eS^r ffr " '"""^^^ ° ' " '^-^ ''^^ween the elec- 

vari Jbiy ""■"'"'''^ the present invention, the electric power fbr the elect«,lysis is 

^st^:^SSit::!!onT*'"' "^""^'^ °^ P^^*"* --entraton of salt in the salt 
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When the electric power for the electrolysis is variably controlled, or the concentration of salt in the salt water is var- 
iably controlled, strong acid sterilizing liquid containing hypochlorous acid at a low concentration having a desired pH 
value and concentration of hypochlorous acid is obtained. 

In accordance with another aspect of the present invention, there is provided an apparatus for generating strong 
acid sterilizing liquid containing hypochlorous acid at a low concentration comprising an electrolytic cell having a first 
channel formed between a pair of flat wall surfaces extending close to. parallel to. and opposite to each other without a 
ban'ier membrane between them, a positive electrode plate constituting at least a part of one of the pair of wall surfaces, 
a negative electrode plate constituting at least a part of the other of the pair of wall surfaces, a second channel for taking 
out strong acid liquid communicating with the downstream portion of the first channel through an outlet port formed in 
the wall surface a part of which is constituted of the positive electrode plate, a third channel for taking out strong alkaline 
liquid communicating with the downstream end of the first channel, and a fourth channel for supplying salt water com- 
municating with the upstream end of the first channel; a salt water tank communicating with the fourth channel of the 
electrolytic cell: and a DC power supply for applying voltage across the positive electrode plate and the negative elec- 
trode plate. 

In accordance with another aspect of the present invention, there is provided an apparatus for generating strong 
acid sterilizing liquid containing hypochlorous acid at a low concentration comprising an electrolytic cell having a first 
channel formed between a pair of flat wall surfaces extending close to, parallel to, and opposite to each other wrthout a 
ban-ier membrane between them, a positive electrode plate constituting at least a part of one of the pair of wall surfaces, 
a negative electrode plate constituting at least a part of the other of the pair of wall surfaces, a second channel for taking 
out strong alkaline liquid communicating with the downstream portion of the first channel through an outlet port formed 
in the wall surface a part of which is constituted of the negative electrode plate, a third channel for taking out strong acid 
liquid communicating with the downstream end of the first channel, and a fourth channel for supplying salt water com- 
municating with the upstream end of the first channel; a salt water tank communicating with the fourth channel of the 
electrolytic cell; and a DC power supply for applying voltage across the positive electrode plate and the negative elec- 
trode plate. 

In the apparatus for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration in 
accordance with the present invention, salt water is supplied to the first channel from the salt water tank through the 
fourth channel. The DC power supply applies DC voltage across the positive electrode plate constituting at least a part 
of one of the pair of wall surfaces forming the first channel and the negative electrode plate constituting at least a part 
of the other of the pair of wall surfaces forming the first channel so as to electroiyze the salt water flowing through the 
first diannel between the positive electrode plate and the negative electrode plate. The acid water containing hypochlo- 
rous acid generated near the positive electrode and flowing along the wall surface of the first channel a part of which is 
constituted by the positive electrode plate passes into the second channel from the downstream portion of the first 
channel through the outlet port formed in the wall surface a part of which is constituted by the positive electrode plate 
and is taken out of the electrolytic cell, or the alkaline water flowing along the wall surface of the first channel a part of 
which is constituted by the negative electrode plate passes into the second channel from the downstream portion of the 
first channel through the outlet port formed in the wall surface a part of which is constituted by the negative electrode 
plate and is taken away, and thereafter, the acid water containing hypochlorous acid flowing along the wall surface of 
the first channel a part of which is constituted by the positive electrode plate passes into the third channel from the 
downstream end of the first channel and is taken out of the electrolytic cell. 

In the apparatus for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration in 
accordance with the present invention, the positive electrode plate and the negative electrode plate are disposed oppo- 
site to each other without a barrier membrane between them. Thus, the distance between the electrodes can be made 
nan-ower than that in the conventional apparatus having a barrier type electrolytic cell. This makes it possible to 
increase the flow speed of the salt water through the first channel between the electrodes and thereby increase the 
number of hydroxide ions and hydrogen ions supplied to the surfaces of the electrodes. Thus, strong acid electrolyzisd 
water can be obtained with suppressing the increase of the voltage applied across the electrodes and thereby sup- 
pressing the generation of hypochlorous acid. In the apparatus according to the present invention, saltwater flowing 
through the first channel constituted by a pair of flat wall surfaces extending close to, parallel to, and opposite to each 
other forms a laminar flow. Thus, the layer of the strong add water flow along the wall surface a part of which is consti- 
tuted by the positive electrode plate does not mix with the layer of the strong alkaline water flow along the wall surface 
a part of which Is constituted by the negative electrode plate. In the apparatus according to the present invention, the 
layer of the water flow along the wall surface a part of which is constituted by the positive electrode plate is taken out of 
the downstream portion of the first channel through an outlet port formed in the wall surface a part of which is consti- 
tuted by the positive electrode plate, or the layer of the water flow along the wall surface a part of which Is constituted 
by the negative electrode plate is taken away from the downstream portion of the first channel through an outlet port 
formed in the wall surface a part of which is constituted of the negative electrode plate, and thereafter, the layer of the 
water flow along the wall surface a part of which is constituted by the positive electrode plate is taken out of the down- 
stream end of the first channel. Thus, strong add sterilizing liquid containing hypochlorous acid at a low concentration 
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is obtained. 

acid liqutd recovery channel communicates with an add liquid discharge port ^ ^ ^"^ 

line recovery channel communicates with the discarded water recovery tank «'scnarge port, and the alka- 
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force feeding means and the non-barrier type electrolytic ceil. 

In the apparatus for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration in 
accordance with the present invention, the positive electrode plate and the negative electrode plate are disposed oppo- 
site to each other without a barrier membrane between them. Thus, the distance between the electrodes can be made 

5 nanrower than that in the conventional apparatus having a barrier type electrolytic cell. This makes it possible to 
decrease the electric resistance of the salt water present between the electrodes, whereby the salt water can be elec- 
trolyzed with less consumption of electric power Thus, in the present invention, the non-barrier type electrolytic cell can 
be made compact by means of narrowing the distance between the electrodes, the DC power supply and the controller 
can be made compact by means of reducing the consumption of electric power, and the whole apparatus can be made 

10 compact and portable. Since the present apparatus is compact and portable, users can freely take it to a desired place 
they want to use it. Thus, the present apparatus has high utility. With the present apparatus having a compact non-bar- 
rier type electrolytic cell, it is possible to generate only the necessary quantity of the strong acid sterilizing liquid con- 
taining hypochlorous acid at a low concentration and immediately use up the generated strong acid sterilizing liquid. As 
the generated strong acid sterilizing liquid containing hypochlorous acid at a low concentration is immediately used up. 

IS the strong acid sterilizing liquid containing hypochlorous acid at a low concentration has relisible bactericidal activity. 

In the apparatus for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration in 
accordance with the present invention, the distance between the electrodes can be made nan^ow to decrease the volt- 
age applied across the electrodes, thereby decreasing the overvoltage at the positive electrode. Increase the flow 
speed of the salt water through the water flow channel between the electrodes, thereby increasing the number of 

20 hydroxide ions and hydrogen tons supplied to the surfaces of the electrodes, and cause the water flow through the water 
flow channel to be a laminar flow. Thus, in the present apparatus, the electrolysis of the salt water can be promoted, 
while suppressing excessive generation of chlorine and suppressing mixing of the water flow near the positive electrode 
and the water flow near the negative electrode, whereby strong acid sterilizing liquid which contains hypochlorous acid 
at a concentration of about 2 ppm. whose pH is 3 or less, and which is suitable for use on the human body can be 

25 obtained. 

In the apparatus for generating and discharging strong add sterilizing liquid containing hypochlorous acid at a low 
concentration in accordance with the present invention, the distance between the positive electrode plate and the neg- 
ative electrode plate can be made narrow to decrease the voltage and the electric power required for the electrolysis. 
Thus, in the present apparatus, a battery can be used as the power supply for the electrolysis. 

30 In accordance with a preferred embodiment of the present invention, the distance between the positive electrode 
plate and the negative electrode plate of the non-barrier type electrolytic cell is about 0.2 mm to about 0.5 mm. 

When the distance between the positive electrode plate and the negative electrode plate of the non-barrier type 
electrolytic cell is about 0.2 mm to about 0.5 mm. a battery can be used as the power supply for the electrolysis, the 
non-barrier type electrolytic cell can be made small to reduce the quantity of the liquid discharged at the start of the 

35 operation of the apparatus and having no bactericidal activity, and the flow resistance of the water flow channel can be 
optimized to enable use of a battery as the power supply for the force feeding means. 

In accordance with a preferred embodiment of the present invention, the ratio of the sectional area of the channel 
for communicating the salt water supply channel with the salt water tank to that of a channel for communicating the alka- 
line liquid recovery channel with the discarded water recovery tank is 2 to 1 . 

40 When the ratio of the sectional area of the channel for communicating the salt water supply channel with the salt 
water tank to that of a channel for communicating the alkaline liquid recovery channel with the discarded water recovery 
tank is 2 to 1 , the flow of the salt water and the alkaline liquid in the channels can be made smooth. 

In accordance with a preferred embodiment of the present invention, an electrolytic cell unit of palm size Is consti- 
tuted by the non-barrier type electrolytic cell, a base unit is constituted by the salt water tank, the discarded wiater recov- 

45 ery tank, the means for force feeding salt water from the salt water tank to the non-barrier type electrolytic celli the DC 
power supply and the controller, the electrolytic cell unit Is connected to the base unit through a harness having a salt 
water supply tube, a discarded water discharge tube and electric wires, the salt water supply channel communicates 
with the salt water supply tube of the harness, and the alkaline liquid recovery channel communicates with the dis- 
carded water discharge tube of the harness. 

so When an electrolytic cell unit of palm size Is constituted by the non-ban-ier type electrolytic cell, a base unit is con- 
stituted by the salt water tank, the discarded water recovery tank, the means for force feeding salt water from the salt 
water tank to the non-bamer type electrolytic cell, the DC power supply and the controller, the electrolytic cell unit is 
connected to the base unit through a harness having a salt water supply tube, a discarded water discharge tube and 
electric wires, the salt water supply channel communicates with the salt water supply tube of the harness, and the alka- 

55 line liquid recovery channel communicates with the discarded water discharge tube of the harness, the user can grasp 
the palm sized electrolytic cell unit to directly apply the acid liquid containing hypochlorous acid to any part of his or her 
body or impregnate the acid liquid containing hypochlorous acid into absorbent cotton and apply it to any part of his or 
her t)ody. Thus, the present apparatus has high utility. 

In accordance with a preferred embodiment of the present invention, the k^ase unit has a compartment for accom- 
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modating the electrolytic cell unit and the harness. 

When the base unit has a compartment for accommodating the electrolytic cell unit and the harness, the whole 
apparatus becomes an integral body Thus, downsizing and portability of the apparatus is promoted. 

In accordance with a preferred embodiment of the present invention, the apparatus for generating and dispensing 
strong acid sterilizing liquid containing hypochlorous acid at a low concentration further has means for hooking the elec- 
trolytic cell unit on the base unit. 

The means for hooking the electrolytic cell unit on the base unit enables the use of the present apparatus with the 
electrolytic cell unit hooked on the base unit. Thus, the user can impregnate the sterilizing liquid into absortjent cotton 
and apply it to diseased parts without picking up the electrolytic cell unit. 

In accordance with a preferred embodiment of the present invention, the electrolytic cell unit has a hand switch con- 
nected to the controller of the base unit. 

When the electrolytic cell unit has a hand switch connected to the controller of the base unit, the present apparatus 
can be easily handled. 

In accordance with a preferred embodiment of the present invention, the means for force feeding salt water is a 
pump disposed in the middle of the channel for communicating the salt water supply channel with the salt water tank. 

In accordance with a preferred embodiment of the present invention, the means for force feeding salt water is a 
compressor for pressurizing the liquid in the salt water tank. 

When the means for force feeding salt water is a pump disposed in the middle of the channel for communicating 
the salt water supply channel with the salt water tank, or a compressor for pressurizing the liquid in the salt water tank, 
the salt water can be force fed from the salt water tank to the non-barrier type electrolytic cell without difficulty. 

In accordance with a preferred embodiment of the present invention, a closing valve is disposed in the middle of 
the channel for communicating the salt water supply channel with the salt water tank. 

When the means for force feeding salt water is a compressor for pressurizing the liquid in the salt water tank, the 
supply of the salt water to the non-barrier type electrolytic cell and the stop of the supply of the salt water to the non- 
bamer type electrolytic cell is carried out by the closing valve disposed in the middle of the channel for communicating 
the salt water supply channel with the salt water tank 

In accordance with a preferred embodiment of the present invention, the apparatus in accordance with the present 
invention further has means for reversing the polarity of the voltage applied aaoss the electrodes of the non-barrier type 
electrolytic cell. 

Adhesion of scale to the electrode plates can be suppressed by reversing the polarity of the voltage applied across 
the electrodes of the non-barrier type electrolytic cell. 

In accordance with a preferred embodiment of the present invention, ion exchange resin is disposed in the salt 
water tank. 

Adhesion of scale to the negative electrode plate can be suppressed by removing calcium ions from the salt water 
by means of the ion exchange resin disposed in the salt water tank. 

In accordance with a preferred embodiment of the present invention, the DC power supply is a battery type power 
supply. 

When the DC power supply of the present apparatus is a battery type power supply, the present apparatus can be 
used in a bathroom. 

In accordance with a prefen-ed embodiment of the present invention, the acid liquid discharge port is connected to 
a sprayer. 

When the acid liquid discharge port is connected to a sprayer, the strong acid sterilizing liquid can be sprayed. 
Thus, an appropriate quantity of strong acid sterilizing liquid can be applied to the diseased part. 

In accordance with a preferred embodiment of the present Invention, the sprayer has a piezoelectric element and 
a porous plate secured to the piezoelectric element at its one end. 

When the sprayer is constituted by a piezoelectric element and a porous plate secured to the piezoelectric element 
at its one end, the sprayer can be downsized, electric power consumption of the sprayer can be reduced, and a battery 
can be used as the power supply of the sprayer. 

In accordance with a preferred embodiment of the present invention, the porous plate is made of add proof mate- 
rial. 

In accordance with a preferred embodiment of the present invention, the whole surface of the porous plate includ- 
ing inner surfaces of the pores is coated with acid proof material. 

When the porous plate is made of acid proof material, or the whole surface of the porous plate including inner sur- 
faces of the pores is coated with acid proof material, the corrosion resistance of the porous plate to the strong acid ster- 
ilizing liquid containing hypochlorous acid at a low concentration can be increased. 

In accordance with a preferred embodiment of the present invention, the sprayer has an open spray tank commu- 
nicating with the acid water recovery channel of the non-barrier type electrolytic cell and the open end of the open spray 
tank is covered with the porous plate. 

When the sprayer has an open spray tank communicating with the acid water recovery channel of the non-barrier 
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type electrolytic cell and the open end of the open spray tank is covered with the porous plate, the strong acid sterilizing 
liquid containing hypochlorous acid at a low concentration flows into the open spray tank through the acid liquid recov- 
ery channel of the non-barrier type electrolytic cell, fills the open spray tank, rises to one surface of the porous plate, 
and is sprayed from the other surface of the porous plate through the numerous pores formed in the porous plate. The 

5 sterilizing liquid is supplied to one surface of the porous plate and sprayed from the other surface of the porous plate. 
Thus, the sterilizing liquid can be sprayed stably and in a good condition. 

In accordance with a preferred embodiment of the present invention, the distance between the porous plate and 
the bottom of the open spray tank opposite to the porous plate is about 0.5 mm to about 1 .5 mm. 

When the distance between the porous plate and the bottom of the open spray tank opposite to the porous plate is 

10 about 0.5 mm to about 1 .5 mm, the vibration of the porous plate is not stopped by adherence thereof to the bottom of 
the open spray tank due to the surfeice tension of the sterilizing liquid and is not suppressed due to increase of the 
added mass of water. 

In accordance with a pretended embodiment of the present invention, the present apparatus whose acid liquid dis- 
charge port is connected to the sprayer further has means for continuing the spray until a prescribed time passes after 
15 the stop of the electrolysis. 

When the present apparatus whose acid liquid discharge port is connected to the sprayer further has means for 
continuing the spray until a prescribed time passes after the stop of the electrolysis, the acid liquid containing hypochlo- 
rous acid residing in the sprayer and the channel for communicating the non-barrier type electrolytic cell with the 
sprayer can be used up at the end of the operation of the apparatus. Thus, the quantity of the liquid having no bacteri- 
20 cidal activity which is discharged at the start of the next operation of the present apparatus can be reduced. 

[BRIEF DESCRIPTION OF DRAWINGS] 

Figure 1 is the layout of an apparatus for generating strong acid sterilizing liquid containing hypochlorous add at a 
25 low concentration in accordance with an embodiment of the present invention. 

Figure 2 is an exploded perspective view of a non-barrier type electrolytic cell of an apparatus for generating strong 
acid sterilizing liquid containing hypochlorous acid at a low concentration in accordance with an emtxxJiment of the 
present invention. 

Figure 3 is a partially cut away back elevation of the electrolytic cell of Figure 2. 
30 Figure 4 is a sectional view taken along line IV-IV in Figure 3 (the electrode plate and the spacer are omitted to sim- 
plify of the drawing). 

Figure 5 is an enlarged view of the portion inside the circle A in Figure 4. 
Figure 6 Is a sectional view taken along line VI-VI in Figure 3. 
Figure 7 is a sectional view taken along line VII-VII in Rgure 3. 
35 Figure 8 is a graph showing the results of generation tests of strong acid sterilizing liquid containing hypochlorous 
acid at a low concentration, which were carried out using an apparatus for generating strong acid sterilizing liquid con- 
taining hypochlorous acid at a low concentration in accordance with an embodiment of the present invention. 

Figure 9 is a graph showing the results of another generation tests of strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration, which were carried out using an apparatus for generating strong acid steriliz- 
40 ing liquid containing hypochlorous add at a low concentration in accordance with an embodiment of the present inven- 
tion. 

Figure 10 is a graph showing the results of bactericidal activity confirmation tests of strong acid sterilizing liquid 
containing hypochlorous add generated by an apparatus for generating strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration in accordance with an embodiment of the present invention. 
45 Figure 1 1 is a view corresponding to Rgure 5 showing a variation of the non-barrier type electrolytic cell constituting 
an apparatus for generating strong add sterilizing liquid containing hypochlorous acid at a low concentration in accord- 
ance with an embodiment of the present Invention. 

Figure 1 2 is a view corresponding to Figure 5 showing another variation of the non-barrier type electi'olytic cell con- 
stituting an apparatus for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration in 
so accordance with an embodiment of the present invention. 

Figure 13 is a layout of an apparatus for generating and spraying strong acid sterilizing liquid containing hypochlo- 
rous add at a low concentration in accordance with an embodiment of the present invention. 

Figure 14 is a sectional view of an apparatus for generating and spraying strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration in accordance witii an embodiment of the present invention, showing the gen- 
55 eral Structure of the apparatus. 

Figure 15(a) is a perspective view of an apparatus for generating and spraying strong acid sterilizing liquid contain- 
ing hypochlorous acid at a low concentration in accordance with an embodiment of the present invention, showing the 
electrolyzing and spraying unit accommodated in a base unit. Figure 15(b) is a perspective view of an apparatus for 
generating and spraying strong acid sterilizing liquid containing hypochlorous add at a low concentration in accordance 



9 



EP0 792 584 A1 



with an embodiment of the present invention, showing the electrolyzing and spraying unit taken out of the base unit, and 
Figure 15(c) is a perspective view of an apparatus for generating and spraying strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration in accordance with an embodiment of the present invention, showing the elec- 
trolyzing and spraying unit hooked on the base unit 

Figure 16(a) is a sectional view of the electrolyzing and spraying unit of an apparatus for generating and spraying 
strong acid sterilizing liquid containing hypochlorous acid at a low concentration in accordance with an embodiment of 
the present invention, and Figure 16(b) is a sectional view taken along line b-b in Figure 16(a). 

Figure 1 7 is a perspective view of the electrolytic cell of the electrolyzing and spraying unit of Figure 16(a) and Fig- 
ure 16(b). 

Figure 1 8 is a perspective view of thie electrolytic cell of the eleclrojyzing and spraying unit of Figure 1 6(a) and Fig- 
ure 16(b). showing the electrolytic cell divided into the positive electrode side part and the negative electrode side part. 

Figure 19 is a sectional view of the harness of an apparatus for generating and spraying strong acid sterilizing liquid 
containing hypochlorous acid at a low concentration in accordance with an embodiment of the present invention. 

Figure 20 is a sectional view of a variation of the electrolytic cell conresponding to Figure 16(a). 

Figure 21 is a sectional view of another variation of the electrolytic cell corresponding to Figure 1 6(a). 

Figure 22 is a sectional view of another variation of the electrolytic cell corresponding to Figure 1 6(a). 

Figure 23 is a sectional view of another variation of the electrolytic cell corresponding to Figure 16(a). 

THE BEST MODE FOR CARRYING OUT THE INVENTION] 

Preferred embodiments of the present invention will be described. 
[1] An apparatus for generating strong acid sterilizing liquid containing hypochlorous acid at a tow concentration 

As shown in Figure 1 . an apparatus 1 for generating strong acid sterilizing liquid containing hypochlorous acid at a 
low concentration in accordance with an embodiment of the present invention has a flow meter 3, a thermistor 4. a hol- 
low fiber filtration film cartridge 5 and a non-barrier type electrolytic cell 6 which are connected in tandem by conduits 
2a, 2b and 2c. A conduit 2d extends from the flow meter 3. A salt water tank 7 and a pump 8 are connected by a conduit 
2e. The pump 8 is connected to the conduit 2b connecting the thernriistor 4 to the hollow fiber filtration film cartridge 5 
through a conduit 2f and a check valve 9 disposed in the middle of the conduit 2f. An acid liquid discharge pipe 2g and 
an alkaline liquid discharge pipe 2h extend from the non-barrier type electrolytic cell 6. Flow control valves 10a and 10b 
are disposed in the middle of the acid liquid discharge pipe 2g and the alkaline liquid discharge pipe 2h respectively. 

The apparatus 1 further has a control unit 11. The control unit 11 has a DC power circuit including a switching 
power circuit and a microcomputer programmed to control the switching power circuit. The electric power of the DC 
power circuit is variable. A flow signal and a temperature signal are input to the control unit 1 1 from the flow meter 3 and 
the thermistor 4 respectively Driving power is supplied to the pump 8 and electrolysis power is supplied to the non-bar- 
rier type electrolytic cell 6 from the control unit 11. 

The apparatus 1 is connected to a city water faucet through a relief valve 100 for controlling the quantity of supplied 
water. 

The structure of the non-barrier type electrolytic cell 6 will be described. 

As shown in Figures 2 and 3. a rectangular first positive electrode plate 13, a rectangular negative electrode plate 
14 and a rectangular second positive electrode plate 15 are set in the concave portion of a pressure case 12 made of 
resin with plurality of spacers 16 inserted between them. A cover 17 is secured to the case 12 by screws to be water- 
tight. Thus, the non-barrier type electrolytic cell 6 is constituted. The electrode plates 13, 14 and 15 are provided with 
terminals 13a. 14a and 15a respectively The terminals 13a. 14a and 15a are connected to the DC power supply of the 
control unit 11 . The case 1 2 is provided with a salt water inlet port 1 8, an alkaline liquid outlet port 1 9 and an acid liquid 
outlet port 20. 

As shown in Figure 5, a first water flow channel 21 is formed between the first positive electrode plate 13 and the 
negative electrode plate 14, and a second water flow channel 22 is formed between the negative electrode plate 14 and 
the second positive electrode plate 15. The spaces between the first positive electrode plate 13 and the negative elec- 
trode plate 14, and negative electrode plate 14 and the second positive electrode plate 15 are set sufficiently narrow. 
The first water flow channel 21 and the second water flow channel 22 are each divided into four horizontal sub-channels 
by the horizontally extending spacers 16. 

As shown in Figure 4, the upstream ends of the first water flow channel 21 and the second water flow channel 22 
communicate with a salt water distribution channel 23. The salt water distribution channel 23 is constituted by the case 
12 and the cover 1 7 and extends over the whole vertical length of the electrodes. The volume of the salt water distribu- 
tiori channel 23 .is large enough relative to the volumes of the first water flow channel 21 and the second water flow 
channel 22. The shape of the horizontal section of the salt water distribution channel 23 is funnel-like nan-owing toward 
the upstream ends of the first water flow channel 21 and the second water flow channel 22 so as to increase the struc- 



10. 



EP 0 792 584 A1 



tural continuity in the region where the salt water distribution channel 23 communicates with the first water flow channel 
21 and the second water flow channel 22. As shown in Figure 3, the upstream end of the salt water distribution channel 

23 communicates with the salt water inlet port 18. The salt water inlet port 18 is connected to the conduit 2c. 

As shown in Figures 4 and 5, the downstream ends of the first water flow channel 21 and the second water flow 
5 channel 22 communicate with an alkaline liquid recovery channel 24. The alkaline liquid recovery channel 24 is consti- 
tuted by the case 12 and the cover 17 and extends over the whole vertical length of the electrodes. The volume of the 
alkaline liquid recovery channel 24 is large enough relative to the volumes of the first water flow channel 2 1 and the sec- 
ond water flow channel 22. As shown in Figures 3, 6 and 7. the downstream end of the alkaline liquid recovery channel 

24 communicates with the alkaline liquid outlet port 19. The alkaline liquid outlet port 19 is connected to the alkaline 
10 liquid discharge pipe 2h. 

As shown in Figures 4 and 5. the case 12 is provided with a groove 25 extending over the whole vertical length of 
the first positive electrode 13. The cover 1 7 is provided with a groove 26 extending over the whole vertical length of the 
second positive electrode 15. The groove 25 forms a first acid liquid recovery channel 27 in collaboration with the first 
positive electrode 13. The groove 26 forms a second acid liquid recovery channel 28 in collaboration with the second 

15 positive electrode 15. As shown in Figure 3. 6 and 7, the downstream portions of the first acid liquid recovery channel 
27 and the second acid liquid recovery channel 28 extend into the case 12 and the downstream ends of the first acid 
liquid recovery channel 27 and the second acid liquid recovery channel 28 communicate with a connection port 29 
formed in the case 12. The connection port 29 communicates with the acid liquid outlet port 20. The acid liquid outlet 
port 20 is connected to the acid liquid discharge pipe 2g. 

20 As shown in Figures 2 and 5, the first positive electrode 13 is provided with a vertically extending slit 13b at the 
downstream portion of the first water flow channel 21 . The first water flow channel 21 communicates with the first acid 
liquid recovery channel 27 through the slit 13b. As shown in Figures 2, 3 and 5. the second positive electrode 15 is pro- 
vided with a vertically extending slit 15b at the downstream portion of the second water flow channel 22. The second 
water flow channel 22 communicates with the second acid liquid recovery channel 28 through the slit 15b. 

25 The apparatus 1 for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration 
operates as follows. 

As indicated by void arrows in Figure 1 . city water is discharged from the water faucet. The flow rate of the city water 
is controlled by the relief valve 100. The city water flows into the hollow fiber filtration film cartridge 5 through the flow 
meter 3 and the thermistor 4. The flow rate of the city water is detected by the flow meter 3 and the temperature of the 

30 city water is detected by the thermistor 4. The flow meter 3 sends a flow rate signal to the control unit 1 1 and the ther- 
mistor 4 sends a temperature signal to the control unit 11. 

When the temperature of the city water is higher than a prescribed value, a control signal is sent to a display (not 
shown in Figures), and an alarm is displayed to warn the user to close the faucet and stop the water flow so as to pre- 
vent damage to the hollow fiber filtration films. 

35 Highly concentrated salt water stored in the salt water tank 7 is fed to the conduit 2b through the pump 8 and is 
diluted by mixing with the city water flowing in the conduit 2b. The diluted salt water passes into the hollow fiber filtration 
film cartridge 5. The driving power of the pump 8 is controlled by the control unit 1 1 based on the flow rate of the city 
water detected by the flow meter 3. i.e., the flow rate of the city water in the conduit 2b, so as to control the quantity of 
the highly concentrated salt water fed to the conduit 2b and the salt concentration of the salt water passing into the hol- 

40 low fiber filtration film cartridge 5. The check valve 9 prevents the city water from flowing into the salt water tank 7 from 
the conduit 2b, 

The salt water passed into the hollow fiber filtration film cartridge 5 is filtered by the hollow fiber filtration films 
charged in the cartridge 5. Thus, bacteria and other contaminant are removed from the salt water. The salt water free 
from bacteria and other contaminants passes into the non-ban^ier type electrolytic cell 6. 
45 As indicated by artows in Rgures 3 and 4, the salt water passed into the salt water inlet port 18 of the non-barrier 
type electrolytic cell 6 passes into the salt water distribution channel 23. The salt water flows down the salt water distri- 
bution channel 23 and horizontally into the four sub-channels of each of the first water flow channel 21 and the second 
water flow channel 22. 

The DC power unit of the control unit 1 1 applies DC voltage across the negative electrode plate 1 4 and the first and 
so the second positive electrode plates 13 and 15. The salt water flowing horizontally in the first water flow channel 21 and 
the second water flow channel 22 Is electrolyzed. Acid liquid containing hypochlorous acid is generated near the first 
positive electrode plate 13 and the second positive electrode plate 15. and alkaline liquid is generated near the negative 
electrode plate 14. The control unit 1 1 controls the electric power for the electrolysis so as to control the pH and the 
hypochlorous acid concentration of the acid liquid. 
55 As shown in Figure 5, the acid liquid containing hypochlorous acid generated near the first positive electrode plate 
13 and flowing along the first positive electrode plate 13 passes into the first acid liquid recovery channel 27 from the 
downstream portion of the first water flow channel 21 through the slit 13b formed in the first positive electrode plate 13. 
The acid liquid containing hypochlorous acid generated near the second positive electrode plate 15 and flowing along 
the second positive electrode plate 15 passes into .the second acid liquid recovery channel 28 from the downstream 
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portion of the second water flow channel 22 through the slit 15b formed In the second positive electrode plate 15. As 
shown in Figure 3, the acid liquid containing hypochlorous acid passed into the first add liquid recovery channel 27 and 
the second acid liquid recovery channel 28 flows down Into the connection port 29 and flows out of the non-barrier type 
electrolysis cell 6 through the acid liquid outlet port 20. 

As shown in Figure 5, the alkaline liquid generated near the negative electrode plate 1 4 and flowing along the neg- 
ative electrode plate 14 passes into the alkaline liquid recovery channel 24 from the downstream ends of the first water 
flow channel 21 and the second water flow channel 22. As shown in Figure 3, the alkaline liquid passed into the alkaline 
liquid recovery channel 24 flows down and flows out of the non-barrier type electrolysis cell 6 through the alkaline liquid 
outlet port 19. 

In the non-barrier type electrolysis cell 6, each of the positive electrode plates 13 and 15 is disposed opposite the 
negative electrode plate 14 without a barrier between them. Thus, the distance between the electrodes can be made 
nan'ower than that in the conventional barrier type electrolytic cell so as to increase the flow speed of the salt water in 
the first water flow channel 21 and the second water flow channel 22 formed between the electrodes, and thereby 
Increase the number of hydroxide ions and hydrogen ions supplied to the surfaces of the electrodes. Thus, strong acid 
electrolyzed water can be obtained without increasing the voltage applied across the electrodes, while suppressing the 
generation of hypochlorous acid. 

In the non-barrier type electrolysis cell 6. the distances between the electrodes are sufficiently narrow, the volume 
of the salt water distribution channel 23 is large enough relative to the volumes of the first water flow channel 21 and 
the second water flow channel 22. and the shape of the horizontal section of the salt water distribution channel 23 is 
funnel like narrowing toward the upstream ends of the first water flow channel 21 and the second water flow channel 
22. Thus, the salt water passed Into the first water flow channel 21 and the second water flow channel 22 immediately 
forms a laminar flow. Thus, the layers of the flow of the strong acid electrolyzed water passing along the first positive 
electrode 13 and the second positive electrode 15 do not mix with the layers of the flow of the strong alkaline electro- 
lyzed water passing along the negative electrode 14. 

In the non-barrier type electrolysis cell 6. the layer of the flow of the strong acid electrolyzed water passing along 
the first positive electrode plate 13 is taken out from the downstream portion of the first water flow channel through the 
slit 1 3b formed in the first positive electrode plate 1 3. and the layer of the flow of the strong acid electrolyzed water pass- 
ing along the second positive electrode plate 15 is taken out from the downstream portion of the second water flow 
channel through the slit 15b formed in the second positive electrode plate 15. Thus, strong add electrolyzed water con- 
taining hypochlorous acid at a low concentration can be obtained. 

The strong acid electrolyzed water containing hypochlorous acid at a low concentration flowing out of the non-bar- 
rier type electrolytic cell 6 through the acid liquid outlet port 20 discharges the apparatus 1 through the flow rate control 
valve 10a. The alkaline liquid flowing out of the non-barrier type electrolytic cell 6 through the alkaline liquid outlet port 
19 discharges form the apparatus 1 through the flow rate control valve 10b. The ratio of the flow rate of the acid liquid 
discharging from the apparatus 1 to the alkaline liquid discharging from the apparatus 1 can be controlled by the flow 
rate control valves 10a and 10b. 

[2] Generating tests of strong add electrolyzed water containing hypochlorous acid at a low concentration 

Generating tests of strong acid electrolyzed water containing hypochlorous acid at a low concentration were carried 
out using the apparatus 1 and varying the concentration of the salt in the salt water supplied to the non-barrier type elec- 
trolytic cell. 

® Test conditions 

size of the electrodes : breadth (excluding the parts in contact with the spacers).x length : 100 mm x (BO mm 
material of the. electrodes : JIS 2 class pure titanium + platinum galvanizing 
distance between the electrodes : 0.5 mm 
electric power for electrolysis : 30 W 

flow rate : total flow rate : 2 liter/minute (add liquid, alkaline liquid : each 1 liter/minute) 

city water : pH : 7, residual chlorine concentration : 0.1 ppm or less, temperature : 25 **C 

method for detecting the concentration of hypochlorous acid : DPD (diethyl-p-phenylendiamine) method 

(S> Test results 

The test results are shown in Figures 8 and 9. 

As seen from Figures 8 and 9. in the present tests, strong add electrolyzed water whose pH was 3 or less and 
wherein the concentration of hypochlorous acid was 2 ppm or less was obtained when the concentration of salt In the 
salt water supplied to the non-barrier type electrolytic cell 6 was 100 ppm to 1000 ppm. Thus, it was confirmed that 
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strong acid electrolyzed water whose pH is 3 or less and wherein the concentration of hypochlorous acid is 2 ppm or 
less can be obtained by the use of the apparatus 1 for generating the strong acid sterilizing liquid containing hypochlo- 
rous acid at a low concentration. It is thought that the concentration of salt in the salt water which enables the generation 
of the strong acid electrolyzed water whose pH is 3 or less and wherein the concentration of hypochlorous acid is 2 ppm 
5 or less varies with the distance between the electrodes, flow rate of the salt water, etc. 

[3] Confirmation tests of the bactericidal activity of strong acid electrolyzed water containing hypochlorous acid at a low 
concentration 

10 (1) Confirmation tests of the bactericidal activity against Escherichia coli 

, Confirmation tests of the bactericidal activity against Escherichia coli ( Escherichia coli IFO15034) were carried out 
on four kinds of strong acid electrolyzed water containing hypochlorous acid at a low concentration whose pH was ak>o'ut 
2.5 and wherein the concentration of hypochlorous acid was 0.10 ppm to 1 1.8 ppm generated by the use of the appa- 
15 ratus 1 for generating strong acid sterilizing liquid containing hypochlorous add at a low concentration, and distilled 
water wherein the concentration of hypochlorous acid was 0.02 ppm. Test conditions are shown in Table 1 . * 
Test results are shown in Table 2 and Figure 10. 

From Table 2 and Figure 10, it can be seen that strong acid electrolyzed water containing hypochlorous add whose 
pH was 3 or less and wherein the concentration of hypochlorous acid was 0.2 ppm or more generated by the use of the 
20 apparatus 1 for generating strong add sterilizing liquid containing hypochlorous acid at a low concentration 
could substantially achieve a sterilizing rate of 99.9 %. which is considered to be the criterion of the presence of 
bactericidal activity The sterilizing rate referred to here is expressed as follows. The 
sterilizing rate ( % ) = (1 - number of sun^ving bacteria / number of tested bacteria ) x 100 . • 

25 (2) Confirmation tests of the bactericidal activity against various kinds of bacteria 

Confirmation tests of the bactericidal activity against Escherichia coli (Escherichia coli ATCC 8739)» Staphylococ- 
cus aureus (Staphylococcus aureus ATCC 6538P), Streptococcus pyogenes (Streptococcus pyogenes HIC 2101), 
Pseudomonas aeruginosa (Pseudomonas aeruoinosa HIC 1803). MRSA (Staohvlococcus aureus(MRSA) HIC 2011), 

30 Salmonella typhimurium (Salmonella tvohimurium ATCC 1 331 1 ), Bacillus subtilis (Bacillus subtilis ATCC 1 1 778) were 
candied out on strong acid electrolyzed water containing hypochlorous acid at a low concentration whose pH was 2.42 
and wherein the concentration of hypochlorous acid was 0.54 ppm and strong acid electrolyzed water containing 
hypochlorous acid at a low concentration whose pH was 2.42 and wherein the concentration of hypochlorous acid was 
2.34 ppm generated by the use of the apparatus 1 for generating strong acid sterilizing liquid containing hypochlorous 

55 acid at a low concentration. 

0 Test conditions 

adjusting of the liquid containing bacteria : same as Table 1 
medium for counting the number of bacteria : same as Table 1 

testing method : liquid containing bacteria was diluted to 1/10 to 1/100. 0.1 ml of the diluted liquid was poured in 10 
ml of the sterilizing liquid, and the the diluted liquid was contacted with the sterilizing liquid for a prescribed length 
of time ranging 5 to 300 seconds. After the passage of the prescribed time, the tested liquid was neutralized by 
addition of aqueous solution of sodium thiosulfate. 

The neutralized tested liquid was stepwise diluted by adding physiotogical salt water. The numbeir of surviving bac- 
teria was counted by the smear method (35**C, 48 hours of culture). 

(g) Test results 

so 

The test results of the strong acid electrolyzed water containing hypochlorous acid at a low concentration whose 
pH was 2.42 and wherein the concentration of hypochlorous acid was 0.54 ppm is shown in Table 3. Test results of the 
strong acid electrolyzed water containing hypochlorous acid at a low concentration whose pH was 2.42 and wherein the 
concentration of hypochlorous acid was 2.34 ppm is shown in Table 4. 
55 From Table 3. it can be seen that strong add electrolyzed water containing hypochlorous acid whose pH was 2.42 
and wherein the concentration of hypochlorous acid was 0.54 ppm generated by the use of the apparatus 1 for gener- 
ating strong acid sterilizing liquid containing hypochlorous acid at a low concentration had bactericidal activity against 
Escherichia coli, Staphylococcus aureus. Streptococcus pyogenes, Pseudomonas aeruginosa. MRSA. and Salmonella 
typhimurium. From Table 4, it can be seen that strong add electrolyzed water containing hypochlorous acid whose pH 
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was 2.42 and wherein the concentration of hypochlorous acid was 2.34 ppm generated by the use of the apparatus 1 
for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration had bactericidal activity 
against the above mentioned bacteria and also Bacillus subtilis. 

From the above mentioned confirmation tests (3) and ®. it was confirmed that strong acid electrolyzed water 
whose pH was 3 or less and wherein the concentration of hypochlorous acid was 2 ppm or less generated by the use 
of the apparatus 1 for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration had 
sufficient bactericidal activity. 

(3) Correlation tests between pH. concentration of hypochlorous acid and the bactericidal activity of the strong add ster- 
ilizing liquid containing hypochlorous acid at a low concentration 

Ck)nfirmation tests of the bactericidal activity against Escherichia coli ( Escherichia coli IFO15034) and Staphyloco- 
ccus aureus (Staphylococcus aureus IF013276) were carried out on strong acid electrolyzed water containing 
hypochlorous acid at a low concentration whose pH was 2.3 to 7.0 and wherein the concentration of hypochlorous acid 
was 0.5 ppm to 2.0 ppm generated by the use of the apparatus 1 for generating strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration. Based on the test results, correlations between pH. concentration of 
hypochlorous acid and the bactericidal activity of the strong acid sterilizing liquid containing hypochlorous acid at a low 
concentration were obtained. 

® Test conditions 

adjusting of the liquid containing bacteria : same as Table 1 
medium for counting the number of bacteria : same as Table 1 

testing method : same as Table 1 except that the time of contact of the liquid containing the bacteria contacts with 
the sterilizing liquid was set at 5 seconds. 

® Test results 

The results of the bactericidal activity confirmation tests against Escherichia coli are shown in Table 5. 

The results of the bactericidal activity confirmation tests against Staphylococcus aureus are shown in Table 6. 

From Table 5. it can be seen that strong acid electrolyzed water containing hypochlorous acid wherein the concen- 
tration of hypochlorous acid was 0.5 ppm or more could sterilize Escherichia coli irrespective of the pH of the liquid. 

From Table 6. it can be seen that strong acid electrolyzed water containing hypochlorous acid whose pH was 3.0 
or less could sterilize Staphylococcus aureus even when the concentration of hypochlorous acid was 0.5 ppm and that 
strong acid electrolyzed water containing hypochlorous acid wherein the concentration of hypochlorous acid was 1.5 
ppm or more could sterilize Staphylococcus aureus irrespective of the pH of the liquid. 

[4] An apparatus for generating and spraying strong acid sterilizing liquid containing hypochlorous acid at a low concen- 
tration 

As shown in Figure 13. an apparatus A for generating and spraying strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration in accordance with an embodiment of the present invention has a palm sized 
electrolyzing and spraying unit 34 including a non-ban-ier type electrolytic cell 31 . a sprayer 32 and a hand switch 33. a 
base unit 40 including a salt water tank 35, a discarded water recovery tank 36. a pump 37. a DC power supply 38 pro- 
vided with a dry battery or a rechargeable battery and a controller 39. and a harness 44 including a salt water supply 
tube 41 . a discarded water discharge tube 42, wires 43a. 43b for electrolysis, wires 43c. 43d for a piezoelectric element 
and wires 43e, 43f for the hand switch. The harness 44 connects the base unit 40 to the electrolyzing and spraying unit 
34. 

The controller 39 has a sprayer drive circuit provided with a constant voltage circuit and a high frequency genera- 
tion circuit, an electrolytic cell drive circuit provided with a constant current circuit, a punp drive circuit provided with a 
constant voltage circuit, and a CPU. 

As shown in Figures 14 and 15(a) to 15(c). the non-barrier type electrolytic cell 31. the sprayer 32 and the hand 
switch 33 of the electrolyzing and spraying unit 34 are housed in a thick disk case 45 whose diameter x thickness is 
about 90 mm x about 35 mm. The case 45 is provided with an acid mist supply opening 45a. The salt water tank 35, 
the discarded water recovery tank 36. the pump 37. the DC power supply 38 provided with a dry battery or a recharge- 
able battery and the controller 39 of the base unit 40 are housed in a cylindrical case 46 provided with a bottom plate 
and whose diameter x depth is about 105 mm x about 180 mm. As shown in Rgures 14, 15(a) and 15(b). the electro- 
lyzing and spraying unit 34 and the harness 44 can be accommodated in the recess of the base unit 40 and taken out 
from the recess of the base unit 40. As shown in Figures 15(b) and 15(c), a groove 45b formed in the case 45 can be 
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engaged with a flange 46a formed around the recess of the case 46 to hook the electrolyzing and spraying unit 34 
upright on the base unit 40. 

As shown in Figures 16(a). 17 and 18. a concave resin pressure case 47 whose length x width x depth is about 60 
mm X about 50 mm x about 5 mm and a concave resin pressure cover 48 whose length x width x depth is about 60 mm 

5 x about 50 mm x about 7 mm are screwed to each other to be watertight. A positive electrode plate 49. a negative elec- 
trode plate 50 and a pair of resin spacers 51 disposed between the electrode plates are held In a recess between the 
case 47 and the cover 48. Thus, the non-ban'ier type ^ectrolytic cell 31 is constituted. 

The positive electrode plate 49 is constituted of a titanium plate coated with platinum. The length x width of the pos- 
itive electrode plate 49 is about 20 mm x about 16 mm (excluding the part in contact with the spacers 51). The negative 

10 electrode plate 50 is constituted of a titanium plate coated with platinum. The length x width of the negative electrode 
plate 50 is about 25 mm x about 16 mm (excluding the part in contact with the spacers 51). The size of the electrode 
plates 49. 50 are determined considering the quantity of water to be electrolyzed per unit time which is decided from 
the quantity of mist to be sprayed per unit time determined considering the fact that the sterilizing liquid is sprayed on 
diseased parts of rather small area, the quantity of electric current per unit quantity of water to be electrolyzed neces- 

15 sary for generating strong acid liquid whose pH is 3 or less, and the upper limit of the electric cunrent to which the 
required suppression of chlorine generation can be achieved. The electrode plates 49. 50 are connected to the electro- 
lytic cell drive circuit of the controller 39 through terminals which are not shown and the wires 43a. 43b of the harness 
44. 

The case 47 is provided with a salt mter inlet port 52 and an alkaline liquid outlet port 53. The cover 48 is provided 

20 with an acid liquid outlet port 54. 

A water flow channel 55 is formed between the positive electrode plate 49 and the negative electrode plate 50. The 
downstream end portion of the water flow channel 55 is constituted by a flat surface 48a of the cover 48 which is formed 
in the concave portion of the cover 48 and extends flush with the positive electrode plate 49 and the negative electrode 
plate 50. The space between the positive electrode plate 49 and the negative electrode plate 50 is set at about 0.2 mm 

25 to 0.5 mm. The space between the electrode plates is determined considering the optimum flow resistance determined 
from the quantity of water to be electrolyzed per unit time and the output of the pump 37 driven by the battery, the low- 
ering of the voltage applied across the electrodes necessary for achieving the electrolysis driven by the battery, and 
decrease of the quantity of the residual water in the non-barrier type electrolytic cell necessary for achieving the reduc- 
tion of the quantity of the sprayed liquid at the start of the spraying operation. 

30 The upstream end of the water flow channel 55 communicates with a salt water supply channel 56. The salt water 
supply channel 56 is constituted by the case 47 and the cover 48. The salt water supply channel 56 extends over the 
whole width of the electrode plates. The salt water supply channel 56 communicates with the salt water inlet port 52. 
The salt water inlet port 52 communicates with the salt water tank 35 of the base unit 40 through the salt water supply 
tube 41 of the harness 44 and the pump 37 of the base unit 40. 

35 The downstream end of the water flow channel 55 communicates with an alkaline liquid recovery channel 57. The 
alkaline liquid recovery channel 57 is constituted by the case 47 and the cover 48. The alkaline liquid recovery channel 
57 extends over the whole width of the electrode plates. The volume of the alkaline liquid recovery channel 57 is large 
enough relative to the volume of the water flow channel 55. The downstream end of the alkaline liquid recovery channel 
57 communicates with the alkaline liquid outlet port 53. The alkaline liquid outlet port 53 communicates with the dis- 

40 carded water recovery tank 36 of the base unit 40 through the discarded water discharge tube 42 of the harness 44. 

The cover 48 is provided with an acid liquid recovery channel 58 extending adjacent to the downstream end of and 
over the whole width of the positive electrode plate 49. The acid liquid recovery channel 58 communicates with the acid 
liquid outlet port 54. 

As shown in Figures 16(a) and 16(b). a concave resin cover 59 whose length x width x thickness is about 50 mm 
45 X about 50 mm X about 3 mm and the pressure cover 48 are screwed to each other. A piezoelectric element 60 whose 
length x width x thickness is about 20 mm x about 1 7 mm x about 1 mm is accommodated in the recess between the 
cover 59 and the pressure cover 48. One surface of the piezoelectric element 60 is secured to the cover 59. One end 
of the other surface of the piezoelectric element 60 is secured to one end of a porous plate 61 whose length x width x 
thickness is about 20 mm x about 17 mm x about 0.05 mm. Thus, the sprayer 32 is constituted. The porous plate 61 
so covers an open spray tank 62 which is a recess formed in the cover 48. The open spray tank 62 communicates with the 
acid liquid recovery channel 58 through an add liquid outlet port 54. The piezoelectric element 60 is provided with an 
electrode made of gold on each surface. The electrodes are connected to the sprayer drive circuit of the controller 39 
through terminals which are not shown and the wires 43c. 43d of the harness 44. 

The porous plate 61 is constituted of an acid proof noble metal plate such as a platinum plate, a gold plate, a silver 
55 plate, etc. provided with numerous pores of about 0.01 mm to 0.02 mm diameter. Ttie porous plate 61 may be consti- 
tuted of a nickel plate provided with numerous pores of about 0.01 mm to 0.02 mm diameter whose whole surface 
including the inner surfaces of the pores is galvanized with a noble metal such as platinum, gold, silver. etCi titanium 
nitride, titanium carbide, etc. by physical vapour deposition or chemical vapour deposition, or coated with Teflon resin, 
etc. to increase its acid proof property. The joint between the piezoelectric element 60 and the poroi^ plate 61 is coated 



15 



EP0 792 584 A1 



with resin, etc. to increase the acid proof characteristics. 

The distance between the porous plate 61 and the bottom of the open spray tank 62 opposite to the porous plate 
61 is about 0.5 mm to about 1.5 mm. The distance is determined considering the fact that when the distance is too 
small, the porous plate adheres to the bottom of the open spray tank because of the surface tension of the acid liquid 
containing hypochlorous acid and stops vibration, while when the distance is too large, the added mass of the water 
increases to suppress the vibration of the porous plate. 

The cover 59 is provided with an opening 59a opposite to the porous plate 61 . 

The hand switch 33 is connected to the CPU of the controller 39 through the wires 43e. 43f of the harness 44. 

As shown in Figure 19. the harness 44 is constituted of the salt water supply tube 41 . the discarded water discharge 
tube 42. wires 43a ~ 43f, an inner sheath 63 for bundling the tubes and wires, and an outer sheath 64 for maintaining 
the shape of the harness 44. The inner diameter of the salt water supply tube 41 is set at about 1 .4 mm. The inner diam- 
eter of the discarded water discharge tube 42 is set at about 1.0 mm. Thus, the ratio of the sectional area of the salt 
water supply tube 41 to that of the discarded water discharge tube 42 is 2 to 1. The inner diameters of the salt water 
supply tube 41 and the discarded water discharge tube 42 are determined considering the fact that when the diameters 
are too large, raising and lowering the electrolyzing and spraying unit 34 of this apparatus A during the operation causes 
a large variation In the load on the pump 37. the flow rate of the liquid, and the quantity of the sprayed mist, while when 
the inner diameters are too small, the flow resistance increases, the load on the pump 37 increases, and the use of a 
battery as the power supply becomes difficult. 

The apparatus A for generating and spraying strong acid sterilizing liquid containing hypochlorous acid at a low 
concentration operates as follows. 

The user grasps the electrolysing and spraying unit 34 accommodated in the base unit 40 as shown in Figure 15(a). 
detaches the electrolyzing and spraying unit 34 from the base unit 40 as shown in Figure 15(b). brings the electrolyzing 
and spraying unit 34 close to an inflamed part of the skin suffering from atopy dermatitis, a part of the skin suffering from 
necrosis caused by diabetes, or a bedsore of bedridden old person, directs the acid mist supply opening 45a to the 
inflamed part, necrotic part, bedsore, etc. and pushes the hand switch 33 with a finger of the hand holding the electro- 
lyzing and spraying unit 34 to start the controller 39. 

The CPU of the controller 39 starts, the pump 37 is driven by the pump drive circuit, the electric power for the elec- 
trolysis is supplied to the non-barrier type electrolytic cell 31 from the electrolytic cell drive circuit through the harness 
44. and the high frequency electric power for driving the piezoelectric element is supplied to the sprayer 32 from the 
sprayer drive circuit through the harness 44. 

As indicated by arrows in Figure 13. the pump 37 force feeds the salt water to the non-barrier type electrolytic cell 
31 from the salt water tank 35 through the salt water supply tube 41 of the harness 44. 

As indicated by an-ows in Figure 18. the salt water flowing into the salt water inlet port 52 of the non-barrier type 
electrolytic ceil 31 passes into the salt water supply channel 56 and passes into the water flow channel 55. 

The DC voltage Is applied across the positive electrode plate 49 and the negative electrode plate 50 from the elec- 
trolytic cell drive circuit of the control unit 39. The salt water flowing In the water flow channel 55 is electrolyzed. Acid 
liquid containing hypochlorous acid is generated near the positive electrode plate 49 and alkaline liquid is generated 
near the negative electrode plate 50. The ratio of the quantity of the acid liquid containing hypochlorous acid generated 
near the positive electrode plate 49 to the quantity of the alkaline liquid generated near the negative electrode plate 50 
is about 1 to 1. 

As indicated by arrows In Figure 18. the acid liquid containing hypochlorous acid generated near the positive elec- 
trode plate 49 and flowing along the positive electrode plate 49 passes into the acid liquid recovery channel 58 adjacent 
to the downstream end of the positive electrode plate 49 and extending over the whole width of the positive electrode 
plate 49. from the downstream portion of the water flow channel 55. The acid liquid containing hypochlorous acid 
passed into the acid liquid recovery channel 58 flows out of the non-barrier type electrolytic cell 31 through the acid liq- 
uid outlet port 54. 

As indicated by anrows in Figure 18. the alkaline liquid generated near the negative electrode plate 50 and flowing 
along the negative electrode plate 50 passes into the alkaline liquid recovery channel 57 from the downstream end of 
the water flow channel 55. The alkaline liquid passed Into the alkaline liquid recovery channel 57 flows out of the non- 
barrier type electrolytic cell 31 through the alkaline liquid outlet port 53. 

The acid liquid containing hypochlorous acid flowing out of the non-barrier type electrolytic cell 31 passes into the 
open spray tank 62 of the sprayer 32 and fills it. The acid liquid containing hypochlorous acid charged in the open spray 
tank 62 rises to one surface of the porous plate 61 covering the open end of tiie open spray tank 62, High frequency 
voltage is applied to the piezoelectric element 60 of the sprayer 32 from the sprayer drive circuit to cause the piezoe- 
lectric element 60 to expand and contract at high frequency The porous plate 61 secured to the piezoelectric element 
60 vibrates at high frequency The acid liquid containing hypochlorous acid charged in the open spray tank 62 and in 
contact with one surface of the porous plate 61 covering the open end of the open spray tank 62. is atomized through 
the numerous micropores formed In the porous plate 61 and sprayed from the other surface of the porous plate 61 
through the opening 59a of the cover 59 and the acid mist supply opening 45a of the case 45. Thus, an appropriate 
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quantity of strong acid sterilizing liquid is applied to inflamed parts of the skin afflicted with atopy dermatitis, diabetic 
necrosis, or bedsores to kill MRSA on the diseased parts of the skin, thereby suppressing itch or suppuration of the dis- 
eased parts. 

The alkaline liquid flowing out of the non-barrier type electrolytic cell 31 passes into the discarded water recovery 

5 tank 36 of the base unit 40 through the discarded water discharge tube 42 of the harness 44. 

After the spraying is finished, the user pushes the hand switch 33 to stop the operation of the controller. Then, the 
CPU of the controller 39 stops, the pump 37 stops, the non-barrier type electrolytic cell 31 stops, and the sprayer 32 
stops. Following the stop of the pump 37, the supply of the salt water to the non-barrier type electrolytic cell 31 stops. 
As necessary, the user replenishes the salt water tank 35 of the base unit 40 with salt water, discharges the alkaline 

10 liquid from the discarded water recovery tank 36. and replaces the battery of the DC power supply. 

in the present apparatus A having the small sized electrolytic cell 31 , it is possible to generate only the required 
quantity of strong acid liquid containing hypochlorous acid at a low concentration. In the present apparatus A wherein 
the electrolytic cell 31 and the sprayer 32 are integrated into the electrolyzing and spraying unit 34. the acid liquid con- 
taining hypochlorous acid generated by the electrolytic cell 31 can be immediately sprayed through the sprayer 32. 

IS Thus, the generated acid liquid containing hypochlorous add is immediately used up without being stored so that the 
bactericidal activity of the sprayed acid liquid containing hypochlorous acid is always assured. 

In the present apparatus A. the positive electrode plate 49 and the negative electrode plate 50 of the non-barrier 
type electrolytic cell 31 are disposed opposite to each other without a barrier between them. Thus, the distance 
between the electrodes Is narrower than that in the conventional apparatus having a barrier type electrolytic cell. 

20 thereby decreasing the electric resistance of the salt water present between the electrodes. Thus, in the present appa- 
ratus A, the salt water can be electrolyzed with less consumption of electric power than that in the conventional appa- 
ratus having a ban-ier type electrolytic cell. In the present apparatus A, the non-barrier type electrolytic cell 31 can be 
made small by means of narrowing the distance between the electrodes, and the DC power supply 38 and the controller 
39 can be made small by means of reducing the consumption of electric power. Thus, the present apparatus A is com- 

25 pact and portable and the electrolyzing and spraying unit 34 of the present apparatus A is palm sized. User can there- 
fore freely take the present apparatus A to the place they want to use It. The user can grasp the palm sized electrolyzing 
and spraying unit 34 connected to the base unit 40 through the harness 44 and apply the acid liquid containing 
hypochlorous acid to any desired part of his or her body. Thus, the present apparatus A has high utility. 

In the present apparatus A. the distance between the electrodes is narrowed so as to decrease the voltage applied 

30 across the electrodes, decrease the overvoltage at the positive electrode, increase the flow speed of the salt water in 
the water flow channel 55 between the electrodes, increase the number of hydroxide ions and hydrogen ions supplied 
to the surfaces of the electrodes, and cause the water flow in the water flow channel 55 to be a laminar flow. Thus, in 
the present apparatus A. the electrolysis of the salt water can be promoted while suppressing the excessive generation 
of chlorine and suppressing mixing of the water flow near the positive electrode plate 49 and the water flow near the 

35 negative electrode plate 50. whereby the strong acid sterilizing liquid which contains hypochlorous acid at a concentra- 
tion of about 2 ppm. whose pH is 3 or less, and which is suitable for use on the human body can be obtained. 

In the present apparatus A. the distance between the positive electrode plate 49 and the negative electrode plate 
50 can be made narrow to decrease the voltage for the electrolysis and decrease the electric power for the electrolysis. 
Thus, in the present apparatus A. a battery can be used as the power supply for the eleSctrolysis. 

40 In the present apparatus A wherein the distance between the positive electrode plate 49 and the negative electrode 
plate 50 of the non-barrier type electrolytic cell 31 is about 0.2 mm to atx)ut 0.5 mm, a battery can be used as the power 
supply for the electrolysis, and the flow resistance of the water flow channel can be optimized to enable use of a battery 
as the power supply for the pump. The liquid which is sprayed from the electrolyzing and spraying unit 34 at the start of 
spraying is the electrolyzed water which has been residing in the open spray tank 62. acid liquid recovery channel 58 

45 and the water flow channel 55 and has lost its bactericidal activity. In the present apparatus A wherein the distance 
between the positive electrode plate 49 and the negative electrode plate 50 of the non-barrier type electrolytic cell 31 
is at)0ut 0.2 mm to about 0.5 mm. the volume of the water flow channel 55 is small and the quantity of the liquid which 
is sprayed from the electrolyzing and spraying unit 34 at the start of spraying is therefore small. 

In the present apparatus A wherein the sprayer 32 is constituted by a piezoelectric element 60 and a porous plate 

so 61 secured to the piezoelectric element 60 at its one end, the sprayer 32 can be downsized, the electric power con- 
sumption of the sprayer can be reduced, and a battery can be used as the power supply of the sprayer. 

In the present apparatus A. the porous plate 61 of the sprayer 32 is made of noble metal such as platinum, gold, 
silver, etc.. or the whole surface of the porous plate 61 including tfie inner surfaces of the pores is galvanized with noble 
metal such as platinum, gold, silver, etc.. titanium nitride, titanium carbide, etc. by physical vapour deposition or chem- 

55 ical vapour deposition, or coated with Teflon resin, etc. The joint between the piezoelectric element 60 and the porous 
plate 61 is coated with resin. Thus, the sprayer 32 has high corrosion resistance against acid liquid containing hypochlo- 
rous add. 

In the present apparatus A wherein the sprayer 32 has the open spray tank 62 communicating with the acid water 
recovery channel 58 of the non-barrier type electrolytic cell 31 and the open end of the open spray tank 62 is covered 
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with the porous plate 61. acid liquid containing hypochlorous acid flows into the open spray tank 62 through the acid 
Hquid recovery channel 58 of the non-barrier type electrolytic cell 31 , fills the open spraying tank 62, rises to one surface 
the porous plate 61 , and is sprayed from the other surface of the porous plate 61 through the numerous micropores 
termed in the porous plate 61. The acid liquid containing hypochlorous acid is supplied to one surface of the porous 
plate 61 and sprayed from the other surface of the porous plate 61. Thus, in the present apparatus A. the acid liquid 
contaming hypochlorous acid can be sprayed more stably and in a better condition than in the conventional sprayer dis- 
closed in Japanese Patent Laid-Open Publication Hei 4-150968 which has a piezoelectric element and a porous plate 
and wherein the liquid supplied to one surface of the porous plate is sprayed from the same surface so that the spray 
of the liquid IS partially interrupted by the supplied liquid. 

In the present apparatus A. the distance between the porous plate 61 of the sprayer 32 and the bottom of the open 
spray tank 62 opposite to the porous plate 61 is about 0.5 mm to about 1 .5 mm. Therefore, the vibration of the porous 
plate 61 IS not stopped by adherence thereof to the bottom of the open spray tank 62 due to the surface tension of the 
acrd liquid and is not suppressed due to increase in the added mass of water. 

In the present apparatus A wherein the ratio of the sectional area of the salt water supply tube 41 of the harness 
44 to that of the discarded water discharge tube 42 of the harness 44 is set at 2 to l considering the fact that the ratio 
of the quantity of the salt water supplied to the electrolytic cell 31 to that of the alkaline liquid flowing out of the electro- 
lytic c^l 31 IS about 2 to 1 . the flow of the salt water in the salt water supply tube 41 and the flow of the alkaline liquid 
in the discarded water discharge tube 42 are smooth. 

In the present apparatus A wherein the base unit 40 has a compartment for accommodating the eiectrolyzing and 
spraying unit 34 and the harness 44. the whole apparatus becomes an integral body Thus, downsizing and portability 
of the apparatus is promoted. ' 

In the present apparatus A wherein an engaging apparatus is constituted by the groove 45b formed in the case 45 
Of the eiectrolyzing and spraying unit 34 and the flange 46a formed around the recess of the case 46 it is possible to 
spray the liquid with the eiectrolyzing and spraying unit 34 hooked on the base unit 40. Thus. H Is possible to spray the 
stenlizing liquid on the diseased part without grasping the eiectrolyzing and spraying unit 34 with the hand 

In the present apparatus A wherein the eiectrolyzing and spraying unit 34 is provided with the hand switch 33 con- 
nected to the controller 39 of the base unit 40. the user can operate the apparatus A with the eiectrolyzing and spraying 
unit 34 held in the hand. Thus, the utility of the present apparatus A is increased. 

In the present apparatus A. a battery ^e power source is used as the DC power supply 38. Thus the present 
apparatus A can be used in a bathroom. H«.eni 
Tlie present apparatus A was operated using four alkaline cells as the DC power supply (6V) The pump 37 was 
operated under a constant voltage controlled to 4V to supply salt water of a salt concentration of 400 ppm (mg/liter) to 
the electrolytic cell 31 at the flow rate of 40 to 50 oc/minute. The electrolytic cell 31 was operated under a constant elec- 
tnc current controlled to 0.15 A. The sprayer 32 was operated under a constant voltage controlled to 12 V to apply the 
piezoelectric element 60 with high frequency voltage of 20 to 45 kHz. Thus, strong acid liquid which contained 
hypochlorous acid at a low concentration of about 2 ppm and whose pH was 3 or less was sprayed from the eiectrolyz- 
ing and spraying unit 34 at the spraying rate of 20 to 25 cc/minute. 

The present invention is not restricted to embodiments described in the foregoing. 

In the non-banier type electrolytic cell 6 of the apparatus 1 for generating strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration, it is possible, as shown in Rgure 1 1 . to constitute the wall surfaces of the first 
water flow channel 21 upstream of the first acid liquid recovery channel 27 by the first positive electrode plate 13 and 
the negative electrode plate 14. and the wall surfaces of the second water flow channel 22 upstream of the second acid 
hquid recovery channel 28 by the second positive electrode plate 15 and the negative electrode plate 14 The wall sur- 
face of the first water flow channel 21 downstream of the first add liquid recovery channel 27 can be constituted by the 
case 12 and the negative electrode plate 14. and the wall surface of the second water flow channel 22 downstream of 
the second acid liquid recovery channer28 by the cover 1 7 and the negative electrode plate 14. As shown in Figure 12 
when the only water flow channel is the second water flow channel, the wall surface of the second water flow channel 
22 upstream of the second acid liquid recovery channel 28 can be constituted by the negative electrode plate 14 and 
the second positive electrode plate 1 5 and the wall surface of the second water flow channel 22 downstream of the sec- 
ond acid liquid recovery channel 28 can be constituted by the case 1 2 and the cover 1 7. 

in the non-ban-ier type electrolytic cell 6 of the apparatus 1 for generating strong acid sterilizing liquid containing 
hypochlorous acid at a low concentration, the positive electrode plates 13, 15 may be used as negative electrodes the 
negative electrode plate 14 may be used as a positive electrode plate, the recovery channels 27. 28 may be used as 
alkaline liquid recovery channels, and the recovery channel 24 may be used as an acid liquid recovery channel. 

In the apparatus 1 for generating strong acid sterilizing liquid containing hypochlorous add at a low concentration 
a cartridge having mesh filters or a cartridge having activated carbon may be used instead of the hollow fiber filtratiofi 
film cartridge 5. 

In the apparatus 1 for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration 
the electrolysis may be operated under electric power control or electric current control from the viewpoint of controlling 
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the quantity of electrolyzed water. However, it is fairly hard to obtain desired electrolyzed water only by electric current 
control because the properties of water in different places are different. According to the results of tests carried out by 
the inventors of the present invention, electric power control is preferable. 

In the non-barrier electrolytic cell 31 of the apparatus A for generating and spraying strong acid sterilizing liquid 

5 containing hypochlorous acid at a low concentration, the portion of the water flow channel 55 downstream of the acid 
recovery channel 58 may be constituted by the case 47 and the cover 48 as shown in Figure 20, or, as shown in Figure 
21. the acid recovery channel 58 may be placed in communication with the downstream end of the water flow channel 
55 and the alkaline liquid recovery channel 57 may be formed adjacent to the downstream end of the negative electrode 
50 at the downstream portion of the water flow channel 55. 

10 In the non-barrier electrolytic cell 31 of the apparatus A for generating and spraying strong acid sterilizing liquid 
containing hypochlorous acid at a low concentration, the flat surface 48a may, as shown in Figure 22. be slightly offset 
from the positive electrode plate 49 in the direction apart from the negative electrode plate 50. The alkaline liquid near 
the negative electrode plate 50 flows along the negative electrode plate 50. Thus, the acid liquid near the positive elec- 
trode plate 49 passes into the acid liquid recovery channel 58. As shown in Figure 23, the downstream end portion of 

15 the water flow channel 55 may be constituted by the flat surtece 48a of the cover 48 extending flush with the positive 
electrode plate 49 and the flat surface 47a of the case 47 slightly offset from the negative electrode plate 50 in the direc- 
tion apart from the positive electrode plate 49. The alkaline liquid near the negative electrode plate 50 flows along the 
negative electrode plate 50 and the flat surface 47a. Thus, the acid liquid near the positive electrode plate 49 passes 
into the acid liquid recovery channel 58. 

20 In the apparatus A for generating and spraying strong acid sterilizing liquid containing hypochlorous acid at a low 
concentration, the pump 37. the electrolytic cell 31 and the sprayer 32 may be controlled according to a control program 
loaded in the memory of the controller 39 to continue spraying until a prescribed time passes after the stop of the elec- 
trolysis. Thus, the acid liquid containing hypochlorous acid which resides in the open spray tank 62 can be used up 
when the operation of the apparatus A is stopped. Thus, the quantity of the liquid sprayed at the start of the next oper- 

25 ation of the apparatus A which has no bactericidal activity can be decreased. 

In the apparatus A for generating and spraying strong acid sterilizing liquid containing hypochlorous acid at a low 
concentration, a polarity reverse drcuit may be disposed In the electrolytic cell drive circuit. In this case, the non-barrier 
type electrolytic cell 31 is operated according to a control program loaded in the memory of the controller 39. the polarity 
of voltage applied across the electrodes of tiie non-ban^ier type electrolytic cell 31 is reversed just before the stop of the 

30 electrolysis, the electrolysis is continued for a short time, and the electrolysis is stopped. Thus, the adhesion of scale to 
the negative electrode plate 50 is suppressed. 

In the apparatus A for generating and spraying strong acid sterilizing liquid containing hypochlorous acid at a low 
concentration, a compressor may be connected to the salt water tank 35 instead of the pump 37. In this case, the salt 
water pressurized by the compressor is force fed to the non-barrier type electrolytic cell 31 . In this case, a closing valve 

35 controlled by the controller 39 or a manually operated closing valve is preferably disposed downstream of the salt water 
tank 35 to control the supply and the stop of the supply of the salt water to the non-barrier type electrolytic cell 31. 

When the closing valve is disposed, the supply and the stop of the supply of the salt water to the non-barrier type 
electrolytic cell 31 can be can-ied out smoothly. When a manually operated closing valve is disposed, the start and tiie 
stop of the apparatus A may be operated by the closing valve. 

40 In the apparatus A for generating and spraying strong acid sterilizing liquid containing hypochlorous acid at a low 
concentration, the harness 44 may be eliminated and the non-barrier type electrolytic cell 31 and the sprayer 32 may 
be disposed in the base unit 40. In this case, an acid mist supply opening of the base unit 40 communicating with the 
opening 59a of the sprayer 32 is directed to the diseased pari during the spraying of the liquid. 

In the apparatus A for generating and spraying strong acid sterilizing liquid containing hypochlorous acid at a low 

45 concentration, a mesh bag.filled with Na-Ca substitute type ion exchange resin or H-Ca substitute type ion exchange 
resin may be disposed in the salt water tank 35. Thus, calcium ions are removed from the salt water and the adhesion 
of scale to the negative electrode plate 50 is suppressed. 

The sprayer 32 may be eliminated from the apparatus A for generating and spraying strong acid sterilizing liquid 
containing hypochlorous acid at a low concentration and tiie apparatus A can be used as an apparatus for generating 

50 and discharging strong acid sterilizing liquid containing hypochlorous acid at a low concentration. In this case, the acid 
mist supply opening 45a of the case 45 becomes an acid liquid discharge port 45a. The acid liquid containing hypochlo- 
rous acid flowing out of the non-l^arrier type electrolytic cell 31 through the acid liquid outlet port 54 is dispensed from 
the acid liquid discharge port 45a of the case 45. The dispensed acid liquid containing hypochlorous acid can be directiy 
applied to inflamed parts of the skin suffering from atopy dermatitis, or diabetic necrosis, or to bedsores of a bedridden 

55 old person, or be impregnated into absorbent cotton and applied to the diseased parts to sterilize MRSA propagated 
on the diseased parts of the skin, thereby suppressing itch or suppuration of the diseased parts. 
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[INDUSTRIAL APPLICABILITY OF THE INVENTION] 

The strong acid sterilizing liquid containing hypochlorous acid at a low concentration in accordance with the present 
invention can be applied to inflamed parts of the skin suffering from atopy dermatitis, or diabetic necrosis, or to bed- 
sores of a bedridden old person to sterilize MRSA propagated on the diseased parts, thereby suppressing itch or sup- 
puration of the diseased parts, or be applied to abrasions to kill Streptococus pyogenes present in the abrasions, 
thereby suppressing the suppuration of the injured part. The method and the apparatus in accordance with the present 
invention is useful for generating the strong acid sterilizing liquid containing hypochlorous acid at a low concentration. 

The apparatus for generating and discharging strong acid sterilizing liquid containing hypochlorous acid at a low 
concentration in accordance with the present invention is corrpact and portable. The apparatus in accordance with the 
present invention can generate and dispense strong acid sterilizing liquid containing hypochlorous add at a low con- 
centration whose bactericidal activity is highly reliable. 

T a b 1 e 1 



1 TEST CONDITIONS 

(1) TESTED STRAIN 
Escherichia coli IF01503J^ 

(2) ADJUSTING OF THE LIQUID CONTAINING BACTERIA 

Bacteria cultured in SCD medium (NIPPON SEIYAKU CO-LTD.) 
for 16 hours were suspended in sterilized distilled water, 
(number of bacteria was lO'/ml to 10^°/ml) 

(3) MEDIUM FOR COUNTING THE NUMBER OF BACTERIA 
Normal agar medium (NIPPON SEIYAKU CO. LTD-) 

(4) KINDS OF STERILIZING LIQUID 



chracteristic of the 
sterilizing liquid 


PH 


concentration of residual 
hypochlorous acid 


sterilizing liquid 1 


2.50 


0 . 1 Oppm 


sterilizing liquid 2 


2.51 


0.22ppm 


sterilizing liquid 3 


2.51 


1 .31ppm 


sterilizing liquid h 


2.1il 


1 1 .8ppm 


sterilized water 
(for comparison) 


6.05 


0 . 02ppm 



(5) TEST CONDITIONS 

1 ) The liquid containing bacteria was diluted to contain 
2x10^ /ml to 2 X 10* /ml bacteria. lm£ of the diluted 
liquid was poured in ^m£ of the sterilizing liquid to 
adjust the number of bacteria in the sterilizing liquid 
mixed with the diluted liquid to about 10^ /ml to lOVml, 
and the diluted liquid was contacted with the sterilizing 
liquid for about 1 second. 

2) Just after the passage of 1 second, the tested liquid 
was neutralized by addition of aqueous solution of sodium 
thiosulfate. 

3) The neutralized tested liquid was stepwise diluted by 
adding physiological salt water. The number of surviving 
bacteria was counted by the smear method (35 "Ct ^8 hours 
of culture). 
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Table 2 





chracteristic of 
sterilizing liquid 


number of 
bacteria 
before the 
contact 


number of 
bacteria 
after the 
contact 


PH 


concentration 
of residual 
hypochloi?ous 
acid 


strilizing liquid 1 


2.50 


0 . 1 Oppm 


1.0x10* 


1.1 X 105 


strilizing liquid 2 


2.51 


0.22ppm 


1.0x10* 


2.Ux 103 


strilizing liquid 3 


2.51 


1 .31ppm 


same as 
above 


<50 


strilizing liquid U 


2.U1 


1 1 .8ppm 


same as 
above 


<50 


strilized water 

(for comparison) 


6.05 


0 . 02ppm 


same as 

above 


1 .Ox 10* 
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Table 5 



H C 1 0 ^^""^^--v.,,^^^ 


.2. 3 


2. 5 


7. 0 


0. 5 








1. 0 








1 . 5 








2 . 0 








NOTES (pi : sterilizing rate 99.99% or more (10« 102 or less) 

@ : sterilizing rate 99-99% (10* 10^ ) 
0 i sterilizing rate 99.9 % (lO* — 10' ) 
A : sterilizing rate 99 % or less (10* 10» or more) 



Table 6 



P H 

H C 1 0^"^"->^ 


2 . 5 


2 . 7 


3 . 0 


5 . 0 


7. 0 


0 . 5 


0 


0 


0 


A 


A 


1 . 0 


@ 




® 


A 


A 


1 . 5 








0 


0 


2 . 0 






© 


© 


0 


NOTES : sterilizing rate 99-99% or more (10* 10^ or less) 

@ : sterilizing rate 99-99% (10* — 102 ) 
0 : sterilizing rate 99.9 % (10* 10' ) 
A : sterilizing rate 99 % or less (10* -* 10* or more) 



Claims 



1. Strong acid sterilizing liquid containing hypochlorous acid at a low concentration consisting of electrolyzed salt 
water, wherein the pH of the liquid is 3 or less and the concentration of the hypochlorous acid Is 0.2 ppm to 2 ppm. 
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2. A method for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration compris- 
ing the steps of: 

forming a channel by a pair of flat wall surfaces extending close to. parallel to. and opposite to each other with- 
5 out a barrier between them. 

constituting at least a part of one of the pair of wall surfaces of a positive electrode plate. 

constituting at least a part of the other of the pair of wall surfaces of a negative electrode plate. 

passing salt water through the channel, 

electrolyzing the salt water flowing through the channel, and 
10 taking a layer of the water flow along the wall surface a part of which is constituted of the positive electrode 

plate out of the downstream portion of the channel through an outlet port formed in the wall surface a part of 

which is constituted of the positive electrode plate. 

3. A method for generating strong add sterilizing liquid containing hypochlorous acid at a low concentration compris- 
15 ing the steps of; 

forming a channel by a pair of flat wall surfaces extending close to, parallel to, and opposite to each other with- 
out a banrier between them, 

constituting at least a part of one of the pair of wall surfaces of a positive electrode plate. 
20 constituting at least a part of the other of the pair of wall surfaces of a negative electrode plate, 

passing salt water through the channel, 
electrolyzing the salt water flowing through the channel, and 

taking a layer of the water flow along the wall surface a part of which is constituted of the negative electrode 
plate away from the downstream portion of the channel through an outlet port formed in the wall surface a part 
25 of which is constituted of the negative electrode plate. 

4. A method of daim 2 or claim 3. wherein the distance between the wall surfaces is 0.5 mm or less. 

5. A method of any one of claim 2 to claim 4, wherein electric power for the electrolysis is variably controlled. 

30 

6. A method of any one of claim 2 to claim 5, wherein the concentration of salt in the salt water Is variably controlled. 

7. An apparatus for generating strong acid sterilizing liquid containing hypochlorous acid at a low concentration com- 
prising: 

35 

an electrolytic cell having a first channel formed between a pair of flat wall surfaces extending dose to, parallel 
to. and opposite to each other without a barrier between them, a positive electrode plate constituting at least a 
part of one of the pair of wall surfaces, a negative electrode plate constituting at least a part of the other of the 
pair of wall surfaces, a second channel for taking out strong acid liquid communicating with the downstream 
40 - . portion of the first channel through an outlet port formed in the wall surface a part of which is constituted of the 
positive electrode plate, a third channel for taking out strong alkaline liquid communicating with the down- 
stream end of the first channel, and a fourth channel for supplying salt water communicating with the upstream 
end of the first channel, 

a salt water tank communi^ting with the fourth channel of the electrolytic cell, ari^ 
45 a DC power supply for applying voltage across the positive electrode and the negat 

8. An apparatus for generating strong acid sto-ilizing liquid containing hypochlorous acki at a low concentration com- 
prising: 

so an electrolytic cell having a first channel formed between a pair of flat wall surfaces extending dose to. parallel 

to. and opposite to each other without a barrier between them, a positive electrode plate constituting at least a 
part of one of the pair of wall surfaces, a negative electrode plate constituting at least a part of the other of the 
pair of wall surfaces, a second channel for taking out strong alkaline liquid communicating with the downstream 
portion of the first channel through an outlet port formed in the wall surface a part of which is constituted of the 

55 negative electrode plate, a third channel for taking out strong ackJ liquid communicating with the downstream 

end of the first channel, and a fourth channel for supplying salt water cornmunicating with the upstream end of 
the first channel. 

a salt water tank communicating with the fourth channel of the electrolytic cell, and 

a DC power supply for applying voltage across the positive electrode and the negative electrode. 
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9. An apparatus of claim 7 or claim 8, wherein the distance between the wall surfaces is 0.5 mm or less. 

1 0. An apparatus of any one of claim 7 to claim 9, further comprising a controller for variably controlling electric power 
for the electrolysis. 

5 

11- An apparatus of any one of claim 7 to claim 10. further comprising a controller for variably controlling the concen- 
tration of salt in the salt water supplied to the fourth channel of the electrolytic cell. 

12. An apparatus for generating and dispensing strong acid sterilizing liquid containing hypochlorous acid at a low con- 
10 centratlon comprising: 

a non-barrier type electrolytic cell, 

a salt water tanK 

a discarded water recovery tank. 

means for force feeding salt water from the salt water tank to the non-barrier type electrolytic cell, 
a DC power supply, and 
a controller, 

wherein the non-barrier type electrolytic cell has a water flow channel formed between a pair of flat wall 
surfaces extending close to. parallel to. and opposite to each other without a barrier between them, a positive 
electrode plate constituting at least a part of one of the pair of wall surfaces, a negative electrode plate consti- 
tuting at least a part of the other of the pair of wall surfaces, an acid liquid recovery channel communicating 
with the downstream portion of the water flow channel through an outlet port formed in the wall surface a part 
of which Is constituted of the positive electrode plate, an alkaline liquid recovery channel communicating with 
the downstream end of the water flow channel, and a salt water supply channel communicating with the 
^5 upstream end of the water flow channel, and 

wherein the salt water supply channel communicates with the salt water tank, the alkaline liquid recov- 
ery channel communicates with the discarded water recovery tanK and the acid liquid recovery channel com- 
municates with an acid liquid discharge port. 

30 1 3. An apparatus for generating and dispensing strong acid sterilizing liquid containing hypochlorous acid at a low con- 
centration comprising: 

a non-barrier type electrolytic cell, 
a salt water tank, 
a discarded water recovery tank, 

means for force feeding salt water from the salt water tank to the non-barrier type electrolytic cell, 
a DC power supply, and 
a controller, 

wherein the non-barrier type electrolytic cell has a water flow channel formed between a pair of flat wall 
surfaces extending close to. parallel to. and opposite to each other without a barrier between them, a positive 
electrode plate constituting at least a part of one of the pair of wall surfaces, a negative electrode plate consti- 
tuting at least a part of the other of the pair of wall surfaces, an acid liquid recovery channel communicating 
with the downstream end of the water flow channel, an alkaline liquid recovery channel communicating with the 
downstream portion of the water flow channel through an outlet port formed In the wall surfece a part of which 
is constituted of the negative electrode plate, and a salt water supply channel communicating with the 
upstream end of the water flow channel, and 

wherein the salt water supply Channel communicates with the salt water tank, the acid liquid recovery 
channel communicates with an acid liquid discharge port, and the alkaline recovery channel communicates 
with the discarded water recovery tank. 
so 

14. An apparatus of claim 12 or claim 13, wherein the distance between the positive electrode plate and the negative 
electrode plate of the non-barrier type electrolytic cell is about 0.2 mm to about 0.5 mm. 

15. An apparatus of any one of claim 12 to claim 14, wherein the ratio of the sectional area of a channel for communi- 
ss eating the salt water supply channel with the salt water tank to that of a channel for communicating the alkaline liq- 
uid recovery channel with the discarded water recovery tank is 2 to 1 . 

16. An apparatus of any one of daim 12 to claim 15, wherein an electrolytic cell unit of palm size is constituted by the 
non-barrier type electrolytic cell, and a base unit is constituted by the salt water tank, the discarded water recovery 
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tank, the means for force feeding salt water from the salt water tank to the non-ban-ier type electrolytic cell, the DC 
power supply and the controller, the electrolytic cell unit is connected to the base unit through a harness having a 
salt water supply tube, a discarded water discharge tube and electric wires, the salt water supply channel commu- 
nicates with the salt water supply tube of the harness, and the alkaline liquid recovery channel communicates with 
5 the discarded water discharge tube of the harness. 

17. An apparatus of daim 16. wherein the base unit has a compartment for receiving the electrolytic cell unit and the 
harness. 

10 18. An apparatus of claim 16 or claim 17, further comprising means for hooking the electrolytic cell unit on the base 
unit. 

19. An apparatus of any one of claim 16 to claim 18, wherein the electrolytic cell unit has a hand switch connected to 
the controller of the base unit. 

IS 

20. An apparatus of any one of claim 1 2 to claim 1 9. wherein the means for force feeding salt water is a pump disposed 
in the middle of the channel for communicating the salt water supply channel with the salt water tank. 

21. An apparatus of any one of claim 12 to daim 19. wherein the means for force feeding salt water is a compressor 
20 for pressurizing the liquid in the salt water tank. 

22. An apparatus of claim 21 . further comprising a closing valve disposed in the middle of the channel for communicat- 
ing the salt water supply channel with the salt water tank. 

25 23. An apparatus of any one of daim 12 to claim 22, further comprising means for reversing the polarity of the voltage 
applied across the electrodes of the non-barrier type electrolytic cell. 

24. An apparatus of any one of claim 12 to claim 23, wherein ion exchange resin is disposed in the salt water tank. 

30 25. An apparatus of any one of claim 12 to claim 24, wherein the DC powier supply is a battery type power supply. 

26. An apparatus of any one of claim 12 to claim 15, wherein the acid liquid discharge port is connected to a sprayer. 

27. An apparatus of claim 26. wherein an electrolyzing and spraying unit of palm size is constituted by the non-barrier 
35 type electrolytic cell and the sprayer, and a base unit is constituted by the salt water tank, the discarded water 

recovery tank, the means for force feeding salt water from the salt water tank to the non-barrier type electrolytic cell, 
the DC power supply and the controller, the electrolyzing and spraying unit is connected to the base unit through a 
harness having a salt water supply tube, a discarded water discharge tube and electric wires, the salt water supply 
channel communicates with the salt water supply tube of the hamess, and the alkaline iiquid recovery channel 
40 communicates with the discarded water discharge tube of the harness. 

28. An apparatus of claim 27, wherein the base unit has a compartment for receiving the electrolyzing and spraying 
unit and the harness. 

45 29. An apparatus of claim 27 or claim 28. further conprlsing means for hooking the electrolyzing and spraiying unit on 
the base unit. 

30. An apparatus of any one of claim 27 to claim 29. wherein the electrolyzing and spraying unit has a hand switch con- 
nected to the controller of the base unit. 

so 

31 . An apparatus of any one of claim 26 to claim 30, wherein the means for force feeding salt water is a pump disposed 
in the middle of the channel for communicating the salt water supply channel with the salt water tank. 

32. An apparatus of any one of claim 26 to daim 30. wherein the means for force feeding salt water is a compressor 
ss for pressurizing the liquid in the salt water tank. . 

33. An apparatus of claim 32, further comprising a closing valve disposed in the middle of the channel for communicat- 
ing the salt water supply channel with the salt water tank. 
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34. An apparatus of any one of claim 26 to claim 33. further comprising means for reversing the polarity of the voltage 
applied across the electrodes of the non-barrier type electrolytic cell. 

35. An apparatus of any one of claim 26 to claim 34, wherein ion exchange resin is disposed in the salt water tank. 

36. An apparatus of any one of claim 26 to claim 35. wherein the DC power supply is a battery type power supply. 

37. An apparatus of any one of claim 26 to claim 36, wherein the sprayer has a piezoelectric element and a porous 
plate secured to the piezoelectric element at its one end. 

38. An apparatus of claim 37, wherein the porous plate is made of add proof material. 

39. An apparatus of claim 37. wherein the whole surfece of the porous plate including inner surfaces of the pores is 
coated with acid proof material. 

40. An apparatus of any one of claim 37 to claim 39. wherein the sprayer has an open spray tank communicating with 
the acid water recovery channel of the non-barrier type electrolytic cell and the open end of the open spray tank is 
covered with the porous plate. 

20 41 . An apparatus of claim 40, wherein the distance between the porous plate and the bottom of the open spray tank 
opposite to the porous plate is about 0.5 mm to about 1 .5 mm. 

42. An apparatus of any one of daim 37 to claim 41 , further comprising means for continuing the spray until a pre- 
scribed time passes after the stop of the electrolysis. 
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Fig. 1 
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Fig. 5 
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Fig. 10 
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Fig. 11 
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Fig. 13 
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Fig. 14 
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Fig. 16(a) 
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Fig. 17 
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Fig. 19 
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